Background: We evaluated the activity and toxic effects of bortezomib in patients with mantle cell lymphoma. Patients and methods: Thirty patients, including 29 eligible patients, were enrolled; 13 had received no prior chemotherapy. The dose of bortezomib was 1.3 mg/m 2 given on days 1, 4, 8 and 11 every 21 days. Response was assessed according to the International Workshop Criteria for non-Hodgkin's lymphoma and toxicity graded using the National Cancer Institute Common Toxicity Criteria version 2.0.
introduction
Mantle cell lymphoma comprises 6% of patients of nonHodgkin's lymphoma [1, 2] and is currently considered incurable, with a median survival of 3-4 years [3] [4] [5] [6] . The need for new treatment strategies has led to a search for new molecular targets. This disease is characterized by overexpression of cyclin D1 as a consequence of the disease defining chromosomal translocation t(11;14)(q13;q32) [7] . Nuclear factor kappa B (NF-jB), which stimulates cyclin D1 expression, also plays a key role in the growth and survival of mantle cell lymphoma cells [8] . In vitro inhibition of NF-jB by the proteasome inhibitor bortezomib leads to cell cycle arrest and apoptosis in mantle cell lymphoma cells [8] . Bortezomib showed substantial cytotoxicity against a broad range of human tumors in the NCI in vitro screen [9] , and a phase I trial testing bortezomib in patients with refractory hematologic malignancies identified objective responses in patients with myeloma as well as mantle cell and follicular lymphomas [10] . On the basis of these promising preclinical and phase I data, bortezomib was tested in relapsed multiple myeloma using the schedule of 1.3 mg/m 2 on days 1, 4, 8 and 11 every 21 days [11] . Positive results of this, and subsequent studies evaluating this dose [12] , led to broad regulatory approval of bortezomib for the treatment of myeloma. Therefore, in 2002, the National Cancer Institute of Canada Clinical Trials Group (NCIC CTG) selected this dose and schedule of bortezomib for a phase II study evaluating the response rate and toxicity in patients with newly diagnosed or relapsed mantle cell lymphoma.
patients and methods

patient eligibility
Patients were accrued from participating centers of the NCIC CTG. This study was approved by the research ethics boards of the participating institutions and all patients gave written informed consent before registration. Patients were eligible if they were 18 years or older and had previously untreated or relapsed mantle cell lymphoma with no more than original article of a 21-day cycle. Treatment was to begin within five working days of registration and was administered either Monday and Thursday or Tuesday and Friday each of the given treatment weeks. Routine antiemetic or antidiarrheal premedications were not given but premedication for nausea could be added in subsequent cycles if it developed in cycle 1. Only nonsteroid antiemetics were permitted since the use of steroid antiemetic therapy could potentially confuse the interpretation of lymphoma response. Vital signs were monitored during bortezomib therapy every 15 minutes, beginning at the start of infusion until 30 minutes after treatment and, if blood pressure fell, monitoring continued until recovery. Doses were to be reduced to 1.1 and then 0.9 mg/m 2 for hematologic and other adverse events. If toxic effects resulted in more than two dose reductions, the patient discontinued protocol therapy and was treated at the discretion of the investigator. For hematologic toxicity, the dose adjustments were based on blood count nadirs from the preceding cycle as well as on day 1 and day 8 counts. The dose was reduced if the ANC nadir was <0.5 · 10 9 /l or platelets were <25 · 10 9 /l in the preceding cycle, and treatment was delayed if day 1 ANC was <1.5 · 10 9 /l or platelets were <75 · 10 9 /l. If on day 8 the ANC was <0.75 · 10 9 /l or platelets were <50 · 10 9 /l, the day 8 and day 11 treatments were withheld and treatment resumed on day 1 of the next cycle.
Oral loperamide was prescribed for diarrhea management. If grade 3 or greater diarrhea was documented, the next cycle of bortezomib was reduced by one dose level. If grade 2 neurotoxicity developed, bortezomib doses were reduced by one level to complete the cycle and for future cycles. For grade 3 or greater neurotoxicity, the patient discontinued bortezomib. Following a protocol amendment for fluid retention-related adverse events (see below), dose adjustments for edema were added: for grade 2 or greater edema, the drug was withheld until the basis of the fluid retention was established. If progressive malignancy was the cause of the edema, the patient stopped protocol therapy. If edema was not on the basis of malignancy and was not greater than grade 2, treatment could be continued at the next lower dose level. As part of this same amendment, patients who developed new ascites or effusions on treatment were removed from protocol therapy.
Clinical examination, performance status and lymph node measurements were documented every 3 weeks. Patients were required to have a complete blood count and differential count on days 1, 8 and 15 of each cycle and complete blood chemistry on day 1 of each cycle. After five of the first 12 patients enrolled developed serious adverse events (SAEs) related to fluid retention or edema, the protocol was amended to require cardiac imaging and a 24-hour urine collection for protein every two cycles. Response assessment by CT of the chest, abdomen and pelvis was done every two cycles and a bone marrow biopsy was to be repeated only if complete response (CR) was documented in other sites of disease.
outcome assessment
All patients receiving at least one cycle of therapy were considered assessable for response and all patients receiving at least one dose of bortezomib were assessable for toxicity. Response was classified according to the definitions recommended by the International Workshop to Standardize Response Criteria for non-Hodgkin's lymphomas [14] . Nonmeasurable disease (e.g. pleural effusion, ascites, bone marrow involvement) was not considered in response assessments except in the instance of a new disease (progression) or disappearance (CR). Relapse was determined after a CR when new disease was identified. In patients with unconfirmed complete response (CRu), partial response (PR) or stable disease (SD), relapse was defined as an increase from the nadir of at least 50% in the products of the diameter of any previously identified individual abnormal nodes or with the appearance of any new lesions. Response duration was measured from the time measurement criteria were first met until disease relapse. SD duration was measured from the time of start of therapy until disease relapse.
Therapy was to continue for two cycles after the criteria for CR were first met. Patients with a PR were to continue receiving therapy until progression or for two cycles after documentation of stable PR (i.e. no further tumor shrinkage). Patients with SD continued therapy for a maximum of four cycles (12 weeks) at which time they discontinued protocol therapy. Those patients with disease progression stopped bortezomib when progression was documented and received treatment at the discretion of their attending physician. Toxic effects were evaluated throughout treatment using the NCI Common Toxicity Criteria version 2.0 [15] .
statistical considerations
This trial was undertaken before any abstracts or publications of other studies of evaluating bortezomib in mantle cell lymphoma patients were published and thus was designed with conservative assumptions about the possible activity of the agent in this disease. A two-stage trial design [16] was used with objective response as the primary end point. A response rate of 20% or greater was considered of interest for further study, whereas a response rate of <5% would be interpreted as being of little interest. In the first stage, 14 patients were to be enrolled; the observation of at least one response in this group would lead to the enrollment of an additional 16 patients for a planned total of 30 patients. The estimated power of this design was 0.86, when the true response probability is 20%, given a type I error of 0.057.
results
Thirty patients were registered from October 2002 to July 2004. The median age of patients was 67 years (range 48-79) and 72% were male (Table 1) . One patient did not have an original tissue block available for review, but was considered eligible on the basis of the review of an original pathology report. Pathology review was undertaken in the remaining 29 patients. Of these, one was ineligible due to concomitant diagnosis of adenocarcinoma. All the 28 remaining reviewed patients expressed cyclin D1 and CD5 by immunohistochemistry. Histology was diffuse in 17 patients, nodular in seven patients and blastoid in two patients. One patient had mantle zone histology and the final patient was not subclassifiable on the basis of the submitted material. The baseline characteristics of all 29 eligible patients are summarized in Table 1 
Twenty-eight of the 29 eligible patients were assessable for response: one patient was not assessable because CT scanning was not repeated. There were no confirmed CRs; one patient with initial disease involving lymph nodes and marrow had a CR by imaging and normalization of blood counts, but declined to undergo the bone marrow biopsy required to confirm marrow remission, and consequently was categorized as CRu. As shown in Table 2 , 12 other patients achieved a PR for a total response rate of 46.4% (95% confidence interval = 27.5% to 66.1%). The median response duration was 10 months (range 2.1-25.1 months). The response rate was 46.2% (six of 13 patients) in previously untreated patients and 46.7% (seven of 15) in those previously treated. Twelve other patients had SD, two with tumor shrinkage of 41% and 46%, which did not quite meet the PR criteria. The overall duration of SD in these 12 patients was 7.8 months (range 1.2-26.1 months). The median time to progression in all patients was 12.5 months (see Figure 1) .
The median time to response was 1.3 months (5.6 weeks); eight of the 13 responses were observed after two cycles of therapy and an additional five occurred after four cycles. The majority of responders had disease in nodes, marrow or spleen. Few patients had extralymphatic sites of disease: one patient with lung and adrenal involvement also had a PR. Patients with kidney and liver involvement both progressed on therapy. Five of seven patients with nodular histology had a response to therapy and seven of 17 with diffuse histology responded. Neither of the two patients with blastoid features responded to therapy. Ten responding patients discontinued therapy due to toxicity while their response was ongoing; nine due to neuropathic complications.
safety
Five SAEs, including two deaths, were reported in the first 12 patients enrolled on study, all having a combination of fluid retention and edema. Although in the first three cases it appeared that lymphoma and not the study drug was the primary cause of these events, reports of the fourth and fifth SAEs suggested that a causal role for bortezomib could not be excluded. One patient was diagnosed with congestive heart failure and another, who died, had pulmonary congestion diagnosed on post-mortem examination. No common feature original article Annals of Oncology could be found in these five patients except that all had edema or effusions at baseline. Trial accrual was suspended in April 2003 to investigate these events and the protocol subsequently amended to exclude patients with preexisting edema, dyspnea ‡ grade 2, ascites and pleural and pericardial effusions and to monitor patients more intensely for fluid accumulation, cardiac function and renal protein loss. The study was reopened to accrual in September 2003 and no further SAEs were reported following this protocol amendment. As shown in Table 3 , the most common treatment-related non-hematologic adverse event was fatigue (72%), followed by diarrhea (48%), nausea (38%), anorexia (35%), constipation (31%) and rash (28%). There was no relationship between the development of rash and the response to therapy. Sensory neuropathy (48%), neuropathic pain (21%) and myalgia (38%) occurred frequently and were major reasons for dose modifications or for discontinuation of treatment. Indeed, nine responding patients discontinued therapy after two to seven cycles because of myalgia, neuropathic pain or neurosensory toxicity. The most frequent hematologic toxicity was thrombocytopenia (22 of 29 patients)-grade 3 in seven patients, grade 2 in four patients and grade 1 in eleven patients. Twenty-four patients had anemia (grade 3 = one, grade 2 = six, grade 1 = 17) and 12 patients had neutropenia (grade 3 = two, grade 1 = 10). Biochemical changes were minimal; in patients with normal baseline chemistries, all elevations seen were grade 1.
In addition to the five SAEs involving fluid retention (see above), two other SAEs were documented in patients after discontinuing bortezomib. One responding patient discontinued bortezomib due to grade 3 myalgia and later experienced increasing muscle weakness requiring hospitalization. Another patient experienced memory loss, confusion and speech impairment 3 months after completing bortezomib; magnetic resonance imaging scanning revealed increased left frontal and temporal lobe white matter signaling which did not follow a typical vascular pattern and thus was suspicious for inflammatory or neoplastic etiology. The investigator concluded that, in the absence of another diagnosis, these changes were probably related to bortezomib. The patient died of progressive lymphoma 2 months later and no postmortem examination was undertaken so no further details on the CNS findings were available.
discussion
Our results indicate that single-agent bortezomib, at a dose of 1.3 mg/m 2 given twice weekly every 21 days is active when treating patients with mantle cell lymphoma. We observed an overall response rate of 46% with similar rates seen in newly diagnosed (six of 13; 46%) and previously treated (seven of 15; 47%) patients. The population we treated appeared to be typical for this disease with a predominance of males (72%), presence of advanced-stage disease (100%) and a median age of 67 years.
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Annals of Oncology original article lymphoma, with these trials both testing higher drug doses of 1.5 mg/m 2 given twice weekly every 21 days. Goy [17] reported a response rate of 41% in 29 assessable previously treated patients and O'Connor [18] observed a 50% response rate in 10 assessable patients. Table 4 provides a comparison of the results of our study with those of Goy and O'Connor. We observed a 10-month median duration of response, which was surprisingly durable given the nature of single-agent treatment. Goy reported similar findings with 80% of responses still maintained at 6 months. In all three studies, median time to response was similar (4-6 weeks).
The most frequent treatment-related toxic effects we observed were also similar to those observed in the two other phase II studies. The most common non-hematologic adverse events were fatigue, which was noted in 72% of the patients, including 28% with grade 3-4 toxicity, and sensory neuropathy, which was seen in 48% of the patients. The trials of Goy and O'Connor tested bortezomib in multiple histologic groups of lymphoma patients and reported toxic effects for these combined groups. O'Connor observed fatigue in 50% of the patients and Goy reported grade 3-4 fatigue in 15%; sensory neuropathy was seen in 73% of the patients in the O'Connor study. Among the hematologic effects, thrombocytopenia was most common with toxicity of at least grade 3 seen in 24% of our patients, similar to the observation of 27% and 49% in the O'Connor and Goy studies.
These toxic effects limited the duration of bortezomib therapy in our study. We were able to administer a median of four treatment cycles and only 55% of the patients received 90% or more of the projected dose intensity. Similar findings were reported by Goy; in that trial, the median number of treatment cycles administered was 2.1, 18% of the patients required dose attenuations and 22% discontinued therapy because of adverse reactions. Similarly, O'Connor reported that the median number of treatment cycles received was four and that 59% of the patients missed at least one dose of therapy with the median number of missed doses being four.
Our trial is the first to report a potential association between bortezomib and susceptibility to fluid retention. While we are unable to exclude other associations, this syndrome appeared to be associated with the presence of preexisting disease-related edema or effusions. The contributions of preexisting disease, drug toxicity, tumor lysis or other cytokine activity to this syndrome are uncertain. We did not observe this complication after instituting a protocol amendment to exclude patients with grade 2 edema, ascites and/or pleural or pericardial effusions.
In summary, we conclude that bortezomib as an active and sufficiently well tolerated agent to warrant further testing in patients with mantle cell lymphoma. Given the consistency of response rates between the three studies and the similarities in treatment toxicity and associated dosing implications, we also conclude that this testing should emphasize the development of new combination regimens rather than alterations of the single-agent administration. 
